The means available for identifying coronary disease in the community are regrettably limited. A history of chest pain may be elicited and judicious questions may enable one to decide if this was cardiac or not. If cardiac pain has been experienced, clinical examination may reveal conditions other than coronary disease (congenital, valvular, or hypertensive disease, for example) which could be responsible. Finally an electrocardiogram (ECG) may be taken. If the resting ECG is normal, evidence suggestive of coronary disease may be obtained in a proportion of cases by repeating it under some form of stress, usually exercise. Unfortunately abnormal electrical patterns shown by the ECG, even when they are highly suggestive, are not specific for coronary disease. Furthermore, there may be considerable difficulty in differentiating normal from abnormal tracings (Simonson, 1958) . It is not surprising, therefore, that a number of studies have revealed variation between different observers in their classification ofECGs as normal or abnormal and especially of whether the abnormality is due to coronary disease or not (Davies, 1958;  Thomas, Cochrane, and Higgins, 1958; Segall, 1960; Acheson, 1960; Epstein, Doyle, Pollack, Pollack, Robb, and Simonson, 1961; Higgins, Cochrane, and Thomas, 1963) . Despite these reservations, however, the ECG remains a valuable screening tool for coronary disease. It is objective, simple, rapidly obtained, and painless, and largely independent of co-operation or language differences.
Variation in interpretation of an ECG for coronary disease may arise either because certain items in the tracing are recorded by some observers but not by others, or because of differences of opinion on the meaning of items which have been observed by all. Resolution of observer variation into its two component parts, namely that of observation and that of interpretation, is the logical approach. To do this, Blackburn, Keys, Simonson, Rautaharju, and Punsar (1960) suggested a detailed classification of electrocardiograms based on precisely defined criteria (Appendix). Wherever possible these criteria are determined by objective measurements. This standardized coding system has become known as the Minnesota Code and it has been widely recommended for initial classification of ECGs for epidemiological purposes. A World Health Organization scientific study group on comparable methodology for the epidemiological study of hypertension and ischaemic heart disease (WHO, April 6, 1963) endorsed this approval and advocated studies of the Code's reproducibility and validity. Its validity, the report suggested, might be best established by correlating the ECG code items with the presence or development of disease detected by other means.
The main purpose of the present study was to determine the implication of the various code items as measures of risk of developing or dying of coronary disease. In the course of the work some observations were also made on the reproducibility of the classification and these have been included in the paper. Finally, the use of the code for comparing the frequency of ECG abnormalities in different populations is briefly considered.
The implication of ECG items can be assessed by following a sufficiently large group of people, whose ECGs have been recorded, for 5 to 10 years. Studies of this kind, in which the Minnesota Code has been used, are in fact in progress in various countries and 53 they will in time provide the required information. In the meantime, however, the possibility of obtaining results from one of the prospective cardiovascular studies now in progress seemed worthwhile. The Framingham Heart Project was thought to offer the best available means of carrying this out. For the past 10 years, in order to assess the importance of various factors in the development of heart disease, a sample of the population of Framingham, Massachusetts, has been followed. Full examinations including electrocardiography have been carried out every 2 years and records of morbidity and mortality are very complete for a period of 8 years after the initial examinations. Details of the population sampled, methods used and diagnostic criteria and results have been given in previous publications (Dawber, Meadors, and Moore, 1951; Kannel, Dawber, Kagan, Revotskie, and Stokes, 1961; Dawber, Kannel, Revotskie, and Kagan, 1962) .
Briefly, the diagnostic criteria include:
(1) A definite history and/or definite electrocardiographic evidence of myocardial infarction;
(2) Definite angina pectoris; (3) Sudden death under circumstances suggesting coronary heart disease. height of P, P-R interval in lead 2. 
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heart disease (sudden death and other coronary Exp. abnormalities probably indicates preclinical or unrecognized coronary heart disease. A summary of the main findings for men and women combined is shown in Fig. 1 . Some excess risk of non-coronary deaths was associated with these ECG abnormalities. It is possible that some of these deaths were partly cardiovascular in aetiology, since the risk of cerebrovascular accidents has been shown to be excessive in subjects with ECG abnormalities (Kannel and others, 1961 Table XI also gives a comparison between three groups of men more representative of the general community; two of these were of communities in Yugoslavia, the third was of a sample of railroad employees (Taylor, Klepetar, Keys, Parlin, Blackburn, and Puchner, 1962) . A higher frequency of ST and T wave items and high R waves was recorded in Slavonia than in Dalmatia, but the frequency of all Q and QS items appeared to be the same. These Q and QS items were, however, only half as common in Yugoslavia as in the United States railroad men, a finding which is consistent with mortality statistics for coronary disease in the two countries. ST and T wave changes occurred with about equal frequency in the Yugoslav and US groups, suggesting that there need be no close correlation between abnormal Q waves and ST and T wave items.
The high frequency of ECG changes in Jamaica is interesting in view of the rarity of coronary disease there (Cruickshank, 1964) . These changes may be due to myocardial lesions caused by some condition other than disease of the coronary arteries. Aortic dilatation and positive serological reactions (Stuart, Miall, Tulloch, and Christian, 1962) are relevant to this problem, as well as possible nutritional and infective lesions in the myocardium.
A striking finding both in Framingham and in Jamaica has been the similar frequency of most (1*7) 9 (9*0) 7 (11*7)
11 (16) 12 (17) abnormal Q waves, ST, and T wave items in men and women. Only large Q waves appeared to be commoner in men. At least in Framingham the similar frequency of these items is at variance with the frequency of coronary heart disease. This raises several questions: Do the changes in the two sexes indicate a similar frequency of pathological change in the myocardium? If so, why are women less affected by these changes than men? Is the similar frequency of changes in the two sexes to some extent the result of grouping items?
Women have been much less studied than men because of their lower frequency of coronary disease. Their rather similar frequency of ECG changes suggests, however, that they might be more often included in such studies and that the findings on them might throw considerable light on the implications of these findings.
The frequency of ECGs showing changes which can be confidently diagnosed as indicating coronary disease in a prevalence survey is small. The numbers in the Rhondda and Jamaican populations on which the international comparison described in this paper has been based are certainly too few for any confident conclusions about the relative frequencies of ECG items in the three areas, let alone any attribution of these items to coronary disease. The comparison suggested that 750-1,000 men or women in the 40-59 age range should provide a sufficient number of the more definite changes for valid comparisons between different areas. This number is, in fact, that advocated and used by Keys and his colleagues in international epidemiological studies. Theoretical considerations led Rose (see W.H.O., 1963) to suggest 500-600 men in this age range as an sitable number for international comparisons.
SUMMARY
The 5,219 electrocardiograms taken at the first examination of the sample of men and women participating in the Framingham Heart Project have been classified according to the Minnesota code. All the readings were made by one reader. The validity of abnormal Q waves, ST depression, and T wave changes in the code was assessed by relating the relevant item to the diagnosis of coronary disease established at the initial examination, after full investigation, and to the subsequent development of and mortality from the disease in the 8-year followup period.
Persons with no reportable ECG code items had a lower than average risk of developing or dying from coronary disease. Those with isolated Q waves had approximately three times the average risk of dying of coronary disease. Those in whom the change was not considered diagnostic at the first examination had about twice the average risk of developing the disease. The larger the Q waves the greater the risk. Isolated T waves carried a 5-fold increased risk of death and a 3-fold increased risk of an incident of coronary heart disease. Isolated ST depression and flat T waves did not increase the risks materially. Various combinations of the items increased the risk of death to about four to six times the average and the risk of an incident about two to four times.
440 ECGs were read on two occasions to measure intra-observer variation. While the classification of tracings into normal and abnormal was fairly good, the coding varied in a considerable proportion on the two occasions. Reproducibility was good for Q wave items, but less so for ST and T wave changes. Measurement of the various waves indicated that some of the variation was due to misclassification, which should be correctable.
Two other communities in which ECGs have been included in random sample surveys are compared with the findings in Framingham. One of these was a rural community in Jamaica, where a high frequency of abnormalities was noted in both men and women. The implications are discussed. P amplitude from T or U-P interval. QRS amplitudes from P-R interval at onset of QRS. T amplitude from T or U-P when possible, otherwise the level of trace at the beginning of QRS. P-R interval is the longest in any limb lead. QRS duration is the longest in any limb lead.
(2) A Q wave must be 1 mm. deep followed by an R wave of 1 mm.
(3) An initial R wave must be a definite departure above the P-R baseline, not simply a lift or rising slope of the P-R baseline.
READING OF INTERVALS AND AMPLITUDES
Beat-to-beat variability of interval measurements is troublesome. In practice it is helpful to require that a majority of beats recorded for the particular lead meet the critical duration criterion. Longer and 50 mm. per second strips aid materially in this respect and occasionally measurements from the postexercise record may elucidate a questionable item. As a rule, however, all Q and QS items, R amplitudes, etc., are measured in the resting electrocardiogram.
Q and R waves under 1 mm. amplitude are read with poor reliability in direct-recorded tracings at 25 mm. per second paper speed. The lack of adequate data on large Q/R ratio or wide Q duration in overall low amplitude QRS complexes has led us to the arbitrary but practicable minimum criteria for Q and R amplitudes spelled out in the classification system. Mean heart rate from leads I and V. of the resting record are employed for the criteria of tachycardia and bradycardia.
The criteria for amplitude of decreasing R waves from V1 to V4 is derived from our own studies in infarct and normal groups. Others have reported the interesting differences between observers in labelling of QS complexes or absent initial R waves. A full 1-mm. R wave is not necessary in the calling of an initial R wave, but a distinct sharp R deflection rising above the P-R baseline is required, not simply an ascending slope or terminal lift in the P-R segment.
The criteria for S-T depression give fair reliability between readers by considering these principles:
(1) S-T depression is placed in a questionable category or not tabulated when found in less than a majority of beats of the lead, when the baseline is swinging widely or sloping up or down, and when the S-T segment describes an arc with no clear junction with QRS.
(2) The junction (J) is taken at the end of QRS activity rather than at arbitrary points in the mid-arc or from the point of transition from very rapid to less rapid potential changes.
(3) S-T depression is read from the P-R segment baseline at the beginning of QRS.
(4) The post-exercise S-T depression criteria refer to an absolute value and not to a change relative to the resting level.
THE CLASSIFICATION
Findings are reported only when they appear in leads designated on the right-hand side of the classification below. "I, II, V2-V," means any of leads I, II, V,, a, 4, ,, or,,. "V1 through V4" means all of leads V1 through V4. A positive finding in any of the designated leads is reportable unless otherwise stipulated. Within each major category (Roman numeral) only the most significant deviation is reported (generally the lowest Arabic numeral). A finding that meets a criterion only in a single complex and therefore might be an artefact or expression of beat-to-beat variation is not reported as positive. 
